The distribution and character of glomerular deposits in systemic lupus erythematosus  by Dujovne, Isabel et al.
Kidney International, Vol. 2 (1972), p. 33—50
The distribution and character of glomerular
deposits in systemic lupus erythematosus
ISABEL DUJOVNE, VICTOR E. POLLAK, CONRAD L. PIRANI and MARTIN G. DILLARD
Department of Pathology and the Renal Division, Department of Medicine,
Michael Reese Hospital and Medical Center and the University of Chicago, Pritzker School of Medicine,
Chicago, Illinois
The distribution and character of glomerular deposits in systemic
lupus erythematosus. Forty renal biopsy specimens from 24
patients with systemic lupus erythematosus were examined in
detail to assess the amount, character, and distribution of
deposits in the glomeruli. Semiquantitative electron microscopic
and immunohistologic methods were used. The results were
correlated with clinical and histological findings. Deposits were
not randomly distributed. Rather, there was some relationship
between increasing amounts of subendothelial and mesangial
deposits. Subendothelial deposits were found only in active
disease and were extensive only in the presence of extensive
mesangial deposits. Contrary to expectation, there was an inverse
relationship between the extent of subendothelial and subepi-
thelial deposits. Extensive subendothelial deposits were found
only with the most active histological changes and three of four
patients with extensive subendothelial deposits died within weeks.
Subendothelial deposits contained a wide variety of plasma
proteins including, not only the immune globulins and D1C
globulin, but also fibrinogen, albumin, and transferrin. In
general, the clinical course of patients with extensive subepithelial
deposits and intramembranous deposits was benign. Subepithelial
deposits were found to contain only immune globulins and J31C
globulin. Serial studies revealed the long term persistence of
subepithelial deposits. By contrast, in patients who survived,
subendothelial deposits disappeared with time and treatment.
Distribution et aspects des dépôts glomérulaires dans le lupus
érythémateux disséminé. Quarante biopsies rénales chez 24
malades atteints de lupus érythémateux disséminé ont été
examinées en detail afin d'évaluer la quantité, I'aspect et Ia
distribution des dépôts dans le glomérule. Des méthodes semi-
quantitatives, immunohistologiques et de microscopie électro-
nique, ont été employees. Les résultats ont etC correlCs avec les
constatations cliniques et histologiques. Les dCpôts n'étaient pas
distribuCs au hasard. Ii y avait plutôt une certaine relation entre
les importances croissantes des dépôts sous endothéliaux et
mésangiaux. Les dépôts sous endothéliaux n'étaient trouvés que
dans les lupus actifs et n'étaient Ctendus qu'en presence de
dCpôts mésangiaux vastes. Contrairement a toute attente il y
avait une relation inverse entre l'importance des depots sous
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endothéliaux et sous CpithCliaux. Les depOts sous endothéliaux
Ctendus n'ont etC trouvés que dans les cas comportant les modi-
fications histologiques les plus accentuées et 3 des 4 malades
chez qui ces depOts sous endothéliaux etendus ont été observes
sont morts en quelques semaines. Les depOts sous endotheliaux
contenaient une grande variété de protCines plasmatiques com-
prenant non seulement les immunoglobulines et la D1C globuline
mais aussi le fibrinogCne, l'albumine et Ia transferrine. D'une
façon génCrale, l'évolution clinique des malades ayant des depOts
sous épithéliaux Ctendus et des depOts intramembraneux Ctait
bCnigne. Les depOts sous épithCliaux ne contenaient que des
immunoglobulines et de la j31C globuline. Les etudes itCratives
ont montrC Ia persistance a long terme des depOts sous CpithC-
liaux. Au contraire, chez les malades qui ont survécu les depOts
sous endotheliaux ont disparu au cours du temps et sous traite-
ment.
Renal disease is now regarded as a serious complication
and major cause of death in patients with systemic lupus
erythematosus. With the development of the percutaneous
renal biopsy technique it has been possible to study the
early stages of the disease, to correlate clinical and histo-
logic findings and to evaluate the effects of treatment [1—6].
Ultrastructural changes observed in lupus nephritis
include thickening of the glomerular capillary basement
membrane, an increased number of all glomerular cells
with prominence of cytoplasmic organelles, extensive
electron dense deposits, and fusion of foot processes [6—12].
Electron dense deposits are seen in the mesangial and sub-
epithelial locations and may be most striking in the sub-
endothelial position. The reasons for the variability in the
amount and location of the deposits are not yet clearly
understood [13]. Organized deposits with a "finger print"
pattern are found occasionally [12]. In the endothelial
cytoplasm microtubular formations are common [14—16]
and are considered by some to be of viral origin.
By immunofluorescence microscopy the presence of
gamma globulin, 1C globulin, and fibrinogen has been
shown in the glomerular lesions of patients with systemic
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lupus erythematosus [17—21]. These observations have led
to the conclusion that the glomerular lesions of systemic
lupus erythematosus result from the deposition of circulat-
ing immune complexes. This view has been reinforced by the
demonstration that gamma globulin eluted from the gb-
meruli contains a higher proportion of antinuclear and anti-
DNA activity than does the circulating gamma globulin
[22, 23], by the detection in some cases of DNA and anti-
DNA in the glomerular deposits [23] and in the circulation
[24], and by the association of active renal disease with
high titers of anti-DNA antibodies and low serum comple-
ment levels [25].
In previous studies it has also been shown that certain
types of histological changes are associated with rapid and
progressive renal disease whereas other changes progress
little if at all over a period of a few years [4, 6]. It is the
purpose of this paper to describe the amount, character
and distribution of deposits in the glomeruli of kidneys
from patients with systemic lupus erythematosus and to
determine the relationship between their nature and extent
on the one hand, and the clinical and histologic evidence
for active lupus nephritis on the other. Their significance
for prognosis and therapy are also discussed.
Material and Methods
Selection of materialfor study. Systemic lupus erythema-
tosus was diagnosed on the basis of a spectrum of clinical
and laboratory findings [1, 4]. Material from patients who
were considered to have unequivocal evidence of systemic
lupus erythematosus is included in this paper; that from
any patient in whom the diagnosis was thought to be
"probable" or "possible" systemic lupus erythematosus
is excluded. Since 1957 we have performed renal biopsies
on patients with systemic lupus erythematosus with the
objective of defining whether or not renal disease was
present and, when present, its precise nature. Biopsies have
also been done to assess the response to treatment. Tissue
was usually, but not invariably, taken and stored for elec-
tron microscopic and immunohistologic examination.
The present study demanded semiquantitative analysis
of the biopsy specimen by light microscopy and by electron
microscopy and/or immunohistology. From among the
biopsies taken between 1963 and 1971, only those were
selected in which the material was adequate to perform
semiquantitative analyses with at least two, and preferably
all three techniques. Thus, the material reported in this
paper represents only a fraction of the biopsies taken.
Tissue from 24 patients was evaluated. In 12 instances a
single biopsy specimen was available while two or more
biopsy specimens were available from the remaining
12 patients. Therefore a total of 40 biopsy specimens were
examined.
Light microscopy. A portion of the tissue was fixed in
Zenker formalin; sections 2 to 3 g in thickness were
stained with hematoxylin and eosin (H & B), alcian blue
periodic acid Schiff (PAS), Masson's trichrome, and silver
methenamine. The sections were analyzed semiquantitatively
and the degree of renal damage and overall activity graded
from 0 to 4+, by methods previously described [26, 27].
Electron microscopy. A second portion of tissue was
cut into 1 mm cubes, fixed in 2.5% glutaraldehyde, post-
fixed in 1 % osmium tetroxide and embedded in Epon.
Thick survey sections were stained with toluidine blue.
Ultrathin sections were stained with uranyl acetate and
lead citrate [27]. At least two glomeruli and, whenever
possible, three to four glomeruli were studied in the RCA
EMU-3 electron microscope. The following features were
analyzed in every glomerulus to evaluate the cellular
changes, size and location of deposits and the appearance
of the mesangial matrix and of the basement membrane.
1. Endothelial, mesangial and epithelial cells: number of
cells, their nuclei and cytoplasm, mitochondria, rough and
smooth endoplasmic reticulum, the Golgi apparatus and
the presence of vacuoles, cytolysosomes and fibrils. In the
endothelial cells the character of the fenestrae and the
presence of microtubular structures was recorded. In the
visceral epithelial cells the appearance of the foot processes
(discrete, focal, or diffuse fusion, cellular membrane and
vilbous transformation) was evaluated.
2. Mesangial matrix: amount and texture and presence
of collagen fibres.
3. Basement membrane: thickness, contour, texture and
defects (gaps).
4. Electron dense deposits: a semiquantitative method
was used to evaluate the extent and location of deposits.
Completely sclerosed glomeruli were not analyzed. To
obtain an appropriate sample of the nature and extent of
the deposits, which are often distributed focally and seg-
mentally, several low magnification electron micrographs
were taken of every glomerulus to cover the entire portion
available regardless of the findings. Based on their location,
four types of electron dense deposits were found: subendo-
thelial, intramembranous, subepithelial and mesangial.
The extent of each was graded from 0 to 4+ : occasional
very small or questionable deposits; + =occasional (1 to 2)
small but definite deposits; 2 + =several (>3) small
deposits; 3 + =several (>3) large fused deposits; and
4 + = asingle large fused deposit occupying more than 50%
of the circumference of a loop or most of the surface of a
mesangial area. The findings in each capillary loop and
mesangial area were graded in this manner. The final grade
assigned for each biopsy was the average of all glomeruli
studied which, in turn, was obtained from the grades for
each individual loop or mesangial area.
Immunohistological studies. A third portion of tissue was
cut into 1 mm cubes, plunged into isopentane precooled in
liquid nitrogen, substituted in acetone, and embedded in
paraffin according to the technique of Post [28, 29]. Sec-
tions 0.5 l in thickness were cut in the cryostat with a
glass knife. They were incubated with antisera prepared in
the rabbit and directed against human albumin, transferrin,
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IgG (y chain), 1gM (js chain), IgA (c chain), icand ? chains,
J1C globulin, and fibrinogen. All antisera gave single
precipitin arcs when tested by immunoelectrophoresis and
immunodiffusion. Some antisera were conjugated with
fluorescein isothiocyanate [30] and a single layering techni-
que was used. With other antisera a double layering techni-
que was employed. The tissue was first incubated with an
unconjugated rabbit antiserum and then with a fluorescein
isothiocyanate conjugated goat antirabbit globulin serum.
The sections were examined at magnifications up to
1250 x with the Leitz Ortholux microscope using an
Osram HBO 200 mercury vapor burner and UG-l and
UV absorbing filters. Photographs were taken with
Anscochrome ASA 200 film. The findings were described
in detail and the observations summarized in a standard
protocol. Fluorescence was considered to be either absent,
present segmentally or focally, or present diffusely. Equi-
vocal or faint fluorescence was scored as 0. Thirteen
biopsies were studied by this method.
After the slides were photographed, the coverslips were
removed and after fixation in 5% glutaraldehyde, the sec-
tions were stained with periodic acid-Schiff (PAS)-hema-
toxylin; the identical field was then photographed on
Ektachrome film. Precise localization of proteins was
achieved by comparison of the two photographs of the
identical field. With this thin sectioning technique, it was
usually possible to examine most glomeruli serially with
all the antisera used. Positive results were checked by
appropriate blocking experiments. After the initial observa-
tions had been completed and for purposes of the present
study, all paired photographs were re-examined systematic-
ally, thereby providing a re-assessment of the accuracy of
structural localization within the glomerulus.
Five biopsies were studied by a technique making use of
goat antirabbit globulin serum conjugated with peroxidase
by the technique of Avrameas [31]. The peroxidase marker
was made visible by staining with diamino-benzidine [32].
The sections were then stained with PAS-hematoxylin and
were examined by light microscopy. With this technique
precise localization of proteins was easily achieved [33].
Four biopsies were examined in duplicate. In the first
layer several antisera made in the rabbit and directed
against human proteins were used. The duplicate slides
were then incubated with a goat anti-rabbit globulin serum
conjugated either with fluorescein isothiocyanate or with
peroxidase. Identical localization of proteins was observed
with both methods.
Results
Clinical findings (Table 1). The 24 patients had been ill
with systemic lupus erythematosus for periods varying from
one to 180 months before the biopsy was taken and were
being treated as follows: prednisone — 5 to 30 mg/day
(LDS), 13 biopsies; prednisone — 40 to 100 mg/day (HDS),
six biopsies; HDS and nitrogen mustard —0.4 mg/kg (HN2),
seven biopsies; LDS and HN2, one biopsy; no treatment,
13 biopsies.
Patient G.Y. was known to have had systemic lupus
erythematosus with renal involvement for many years.
About eight weeks prior to the renal biopsy, he developed
a thrombosis of the inferior vena cava which extended
above the orifices of the renal veins.
Light microscopic findings (Table 2). The following
patterns of glomerular involvement [4, 34] were identified
in the 40 biopsies: active lupus glomerulonephritis (25 biop-
sies); healed and inactive lupus glomerulonephritis (7 biop-
sies). In two patients, A.W. and M.M., the changes were
predominantly those of membranous glomerulonephro-
pathy, but they are classified in the active lupus glomerulo-
nephritis group because there was definite focal increased
cellularity.
Active lesions were characterized by segmental and
focal hypercellularity associated with local necrosis,
karyorrhexis and fibrinoid changes. Hematoxyphil bodies
and hyalin thrombi were found occasionally; extracapillary
cell proliferation with crescent formation was noted in the
more severe cases. Interstitial edema and interstitial plasma
cell infiltration were also considered as evidence of activity.
Basement membrane changes and glomerular sclerosis
were prominent in the inactive lesions. The renal tubules
contained hyaline casts and the cytoplasm of their lining
epithelium showed hyalin droplet changes in some cases.
There were no significant abnormalities of the blood vessels.
Interstitial fibrosis was minimal or mild even in the long
standing cases.
Electron microscopic observations (Table 3). Electron
microscopy was performed on 31 renal biopsies. Electron
dense deposits that were finely granular and stained darker
than the lamina densa were found in four different locations:
between the glomerular basement membrane and the endo-
thelial cells; between the basement membrane and the
epithelial cells; within the glomerular basement membrane;
in the mesangial area predominantly in the mesangial
matrix. Organized "finger print" deposits were occasionally
seen.
Subendothelial deposits were absent in seven biopsies and
minimal in nine biopsies; they were graded 1 + in eight
biopsies, 2 + in three biopsies and were extensive (3 to 4+)
in four biopsies (Fig. 1). This corresponds to the "wire
loop" by light microscopy. In these subendothelial deposits
material with the characteristics of polymerized fibrin was
seen in two of the four biopsies with the most extensive
deposits (4+).
Electron dense deposits were seen in every biopsy in the
mesangial area regardless of the activity or severity of the
disease. They were graded as equivocal (±) in five biopsies,
mild (1 +) in seven, moderate (2+) in 11 and moderately
severe or severe (3 to 4+) in eight (Figs. 1 and 2). The
mesangial matrix was increased in every case. Collagen
fibers were present in the mesangial area in four biopsies.
Circumferential subendothelial extension of the mesangial
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deposits or of the mesangium with matrix and deposits
was frequently seen (Fig. 2).
Subepithelial deposits were usually discrete. They were
absent in six biopsies and minimal (±) in seven. They
were graded 1 + in eight biopsies, 2 + in three and were
extensive (3 to 4+) in seven biopsies (Fig. 3). In some
biopsies discrete extramembranous deposits alternated
with projections or spikes of the basement membrane, an
appearance indistinguishable from that seen in idiopathic
membranous glomerulonephritis (Fig. 4).
Table 1. Summary of the clinical findings at the time of renal biopsy
a This column summarizes the treatment given prior to the renal biopsy: LDS =Prednisone, 5—30mg/day; HDS = Prednisone,
Duration in
Age
Patient Sex SLE Present
months of Serum Urine
Treatment Creatinine Urea Comple- RBC/hpf Protein-
Race Exacerba-
tion
Prior to
Biopsy a mg/100 ml
Nitrogen
mg/100 ml
ment' uria
g/24 hr
LA. F,25,C 58 ?48 LDS(>12) 23 35 4, >100 9.5
A.O. F,29,C 24 1—24 Nil 6.5 90 44, >100 6.2
S.A. F, 19,C 30 4 LDS(>12) 1.7 65 4, >100 8.7
M.S. F,44,C I I Nil 1.8 140 4, >100 5.2
S.L. F,39,C 1
4
14
1
1—4
?l
Nil
HDS;HN2(3)
LDS (>6)
1.2
1.0
1.1
28
27
23
4,
4N
100
5—10
30—55
1.8
4.2
4.9
D. V. F, 27, C 21
26
52
>6
Nil
1
LDS(>6)
HDS;HN2(5)
Nil
0,8
0.7
0.8
15
17
14
4,
N
4,
15—25
0—2
1—2
3.6
5.4
1+
S.W. F,54,N 24
28
>6
Nil
LDS(>6)
HDS(4)
1.0
1.0
23
18
4,
N
20—30
0—2
0.4
0.4
M. W. F, 26, C 108
113
130
4
Nil
Nil
HDS(>6)
HDS; HN2(2)
LDS(>12)
1.0
1.0
1.0
27
35
14
N
N
N
20—30
4—6
0—4
8.0
6.9
1.2
S.M. M,22,C 12
15
<1—>6
Nil
HDS(>6)
HDS; HN2(3)
13
0.9
24
26
N
N
0—5
0—2
10.0
0.5
A. W. F, 21, C
26
48
100
102
Nil
1
Nil
HDS (6)
LDS (>12)
HDS; HN2 (1.5)
0.7
0.6
0.5
12
17
18
N
4
N
0
8—10
2—5
0.9
3.0
0.9
S. C. F, 26, C 33
55
Nil
Nil
LDS; HN2 (6)
LDS (>12)
0.9
1.0
12
12
N
N
10—15
0—2
3.2
2.8
W.B. M, 18,N 12
53
1—6
1—6
LDS(6)
Nil (18)
1.0
2.0
14
49
4
4,4
>100
60—100
2.4
14.6
I. C. F, 12, N 18
21
1—3
Nil
Nil
HDS;HN2(4)
1.0
1.0
22
15
4
N
5—10
0—2
0.7
0.8
G. Y. M, 23, M 180 ?l Nil 0.8 18 1 3—8 5.0
M.H. F, 15,C 2
3
2
Nil
Nil
HDS;HN2(l)
1.2
1.1
28
30
4
4
60—85
>100
4.4
4.4
M. M. F, 50, C 1
9
1
Nil
Nil
LDS(>6)
0.8
1.0
29
35
N
N
15—25
4-6
1.8
6.9
B.T. F,28,N 48 Nil Nil (>12) 0.9 11 4, 0 0.1
R. 0. F, 32, C 48
55
1—12
1
LDS (>12)
LDS(>18)
0.8
1.0
19
26
44
N
0—2
0
0.2
7.5
S.G. F, 6,C 2 2 HDS(1) 0.8 12 4 5—20 0
M.J. F,28,N 24 >2 LDS(>3) Li 16 N 0—2 1.8
L. W. F, 16, N 42 1—3 LDS (>12) 1.0 19 4 0—1 0.04
M. Bu. F, 39, C 120 3 Nil 1.0 14 4 0—2 1.2
M.B1. F,43,C 1 1 Nil 1.2 13 N 0—2 0.1
M. F. F, 22, N 6 1—6 Nil 1.0 16 44 0—3 0.3
40—100 mg/day; HN2= Nitrogen Mustard, 0.4 mg/kg; Nil= No corticosteroids or nitrogen mustard.
b N=32 to 64 C'H50 Units or 131C globulin >110 mg/I® ml; 4=8 to 16 C'HSO Units or 131C 40 to 110 mg/i® ml; 44= <8 C'HSO
Units or 31C <40 mg/i® ml.
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Fig. 1. Patient S. A. There are massive subendothelial deposits of electron dense material (D). Abundant deposits are also seen in
the mesangial (M) areas. The deposits and the swelling of the endothelial cells (END) contribute to a marked narrowing of the capillary
lumen which contains a red blood cell (RBC). Within the cytoplasm of an endothelial cell (arrow) is a formation of microtubular
structures (Insert). The basement membrane (BM) is normal and the foot processes are partially fused (magnification x 7520;
insert x 46320).
Intramembranous deposits were equivocal or absent in
13 biopsies, present to a moderate degree (1 to 2+) in nine
and prominent (3 to 4+) in nine (Fig. 5). They were fre-
quently associated with extramembranous deposits, some-
times involving the entire thickness of the basement mem-
brane, giving the impression of a gap or interruption of its
continuity (Fig. 5). Partial or complete gaps in the base-
ment membrane with direct contact between visceral
epithelial and endothelial or mesangial cells were occasion-
ally seen. In a few biopsies deposits in any site, and partic-
ularly those in an intramembranous position, had a pale
"washed out" appearance.
The character of the glomerular cells did not vary greatly
from biopsy to biopsy, whether or not deposits were seen
adjacent to these cells. The capillary lumens were narrowed
by enlargement of the mesangial areas and by swelling of
the endothelial cells. The fenestrae were reduced in number.
The endothelial cytoplasm contained prominent mito-
chondria and abundant cytolysosomes and vacuoles, some
of which appeared as infoldings of the plasma membrane.
Microtubular structures (Fig. 1) were observed in the
endothelial cytoplasm of 15 biopsies from 12 patients;
they were numerous in four biopsies . The mesangial cells
were increased in size. Most had a prominent Golgi appara-
tus and endoplasmic reticulum as well as an increased
number of free ribosomes. Within the visceral epithelial
cells numerous intracytoplasmic dense bodies were common.
There was abundant rough surfaced endoplasmic reticulum
and free ribosomes (Fig. 3). The intracytoplasmic fibrils
were also prominent. This morphologic evidence suggests
increased activity of the cells and was obvious when the
glomerular disease was more severe. There was focal foot
process fusion and occasional villous transformation was
noted. In the areas where subepithelial deposits were
present, there was increased density of the foot processes.
In some glomeruli this was very prominent and the cell
1 This is a lesser frequency than reported by others [14—16]. The
present study was not designed to assess these structures and
electron micrographs were taken and examined primarily to
illustrate the distribution of deposits. A higher prevalence
would undoubtedly have been observed if studies had been
directed specifically toward identification of these structures.
•wa,crs•pct ;4
WA,
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Table 2. Summary of selected light microscopic changes in 40 renal
a The findings are graded on a scale 0 to + + + +; F= focal.
membrane of the epithelial cell could not be identified
giving the impression of continuity between the epimem-
branous dense deposits and the dense material in the
epithelial cell cytoplasm (Fig. 6). In one case electron dense
deposits were seen within the wall of arterioles.
Immunohistological findings (Tables 3 and 4). The results
from 22 biopsies are summarized in Tables 3 and 4 and
Figs. 7—9. In all four biopsies with active lupus glomerulo-
nephritis of 3 + to 4 + severity extensive deposits were
found. In all biopsies some abnormality was found in the
subendothelial, subepithelial, intramembranous and mesan-
gial positions. The subepithelial deposits contained all
three immunoglobulins and f31C globulin, but no fibrinogen.
The subendothelial deposits contained considerable amounts
Patient Date of Biopsy Basement
Glomerulus
Intra-Capillary Hyaline Karyorrhexis Hema-
Membrane Cells Thrombi toxyphil
Thickening Bodies
*1
412
413
*1
*2
413
*1
*2
dtl
*2
*3
411
*2
*1
*2
*3
441
*2
*1
*3
141
*2
J. A.
A. 0.
S. A.
M. S.
S. L.
S. L.
S. L.
D. V.
D. V.
D. V.
S. W.
S. W.
M.W.
M.W.
M.W,
S.M.
S. M.
A. W.
A. W.
A. W.
S.C.
S.C.
W. B.
W. B.
IC.
I. C.
G.Y.
M.H.
M.H.
M.M.
M.M.
B. T.
R. 0.
R. 0.
S. G.
M.J.
L. W.
M.Bu.
M.BI.
M. F.
4/11/68 + ++++ ++ ++
5/27/68 + +++ +++ ++++ ++++
12/24/69 ++ ++++ + ++++ +++
9/30/71 ++ +++ +++ +++
4/18/68
7/02/68
6/27/69
0
0
0
0
0
++
0
+
0
0
0
7/10/67
12/28/67
2/02/70
++
++ 0
0
++
0 0
0
12/14/66
4/04/67
+
d
+++ 0
0
++
0
+
0
12/06/67
5/08/68
10/10/69
++
++
+++
+
++
++
0
0
+++
0
0
0
0
1/22/70
4/14/70
0
0
+
0 0
9/19/63
1/22/68
3/07/68
+++
++++
++++
+
+
0
0
0
0
0
+
0
0
+
0
5/04/66
3/04/68
+
+
++
++
+
+
+
0
0
0
1/03/68
6/17/71
+
++
+
++
0
+
0
+
0
3/04/71
6/28/71
+
+
+ 0
0 0
0
0
11/05/69 ++ + 0 0 0
2/16/70
3/16/70
0
0
++
++
0
0
+
+
0
0
10/24/63
6/18/64
+++
+++
0
0
0
0
0
0
4/21/70 0 0 0 0
2/13/68
9/26/68
+ +
0
0
0
+
0
0
0
12/16/68 0 0 0 0
3/10/71 0 0 0 0
6/10/71 0 0 0
3/12/71 0 0 0
4/01/68 0 0 0 0 0
11/22/68 0 0 0 0 0
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of all proteins studied including fibrinogen. All proteins
studied were also observed in the mesangium.
In patients with active glomerulonephritis of lesser
severity (+ or + +), deposits were found in the sub-
epithelial position in seven, in the subendothelial position
in five, within the basement membrane in only one and in
the mesangium in all eight. The deposits were more fre-
quently segmental in the glomerulus and were, in general,
more striking in the subepithelial than in the subendo-
thelial position. In only two instances was fibrinogen
detected in the subendothelial position. Focal deposits
were noted in the subepithelial, intramembranous and
mesangial positions in some of the glomeruli in the three
biopsies with healed active lupus glomerulonephritis.
Interstitial tissue
.Histologic
Extra- Edema Inflammation Fibrosis severity
.
Histologic
activityFibrinoid Glomerular
Sclerosis capillary
Cells grade grade
++ + ++ + + + ++++ ++++
+++ + +++ + ++ ++ ++++ ++++
+++ + +++ +++ ++++ ++ ++++ ++++
+++ 0 + +++ ++ ++ +++ ++++
0
0
0
++
+
++
+
++
0
0
+
+
0
+
E
+
++
+++
++
++
+++
+
++
+
0
0
+
+++
++
+++
0
0
0
0
0
++
+
0
+
0
+
+++
++
++
+++
0
+
0
0
+
++
+
0
0
0
+ E ++
++
+++
0
+
++
++
++
0 0
0
++
+
+
+
+
++
++
++
++
+++
+
+
+
0
+
0
++
+
0
0
0
0
0
0
++
+
++
0
+
+
+
0 0
0
0
0
0
0
+
++
0
±
+
++
+++
+++
+
++
0
0
0
+
+
+
0
0
0
0
±
±
+
+
+
+
+
0
+++
0
++
0
++
±
+++
0
++++
±
+
+
+++
+
++++
++
0
0
±
0
0
0
+
±
0
±
+
+
±
+
0
± + ± + ++ ++ ++ +
0
0
0
±
±
±
±
±
±
0
±
±
++
++
+
+
+
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0
0
0
0
0
±
±
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±
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0
0
0
±
+
0
+
0
±
0
0
0
±
0
+
0
0 0 0 0 0 0 ± ±
0 + 0 ± + + ± ±
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0 0 0 0 0 0 0 0
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Table 3. Summary of the site, nature; and degree of glomerular deposits
AUN ++++
Histo-
Patient logicDiag
nosisa
Histo-
logic
Activity
Deposits
Subendothelial Subepithelial Intramembranous Mesangial
EMb IFC EM IF EM IF EM IF
J. A.
A. 0.
S. A.
M. S.
AUN ++++ +++
AGN ++++ ++++
AUN ++++
+++ U,ji,B,F
N.D.
AIb, U, M,
A, B, T, F
+++ Alb,U,M,
A, B, T, F
++ N.D.
++ N.D.
N.D. F
S.L $1 AUNS.L $2 AUN
S.L. $3 AUN
+++
+
++
th U,B
o N.D.
+ U,M,A,B
+++ U,A,13
o N.D.
+ N.D.
N.D. U, M, A, f3
d N.D.
g.t,B
D.V. $1 AUN +++
D.V. $2 HUN 0
+ B ++++ AIb,U,M,
a, B, f
++ Na ++++ N.D.
+ F ++++ Alb,U,M,
A, B, T, F
+++ U,A43 ++++ U,M,A,
B, F, T
o N.D. ++ N.D.
+ N.D. ++ N.D.
N.D. None N.D. Aib, U, A,
J3, F, t
+ N.D.
+ None
N.D.
0
N.D.
None
N.D.
N.D.
N.D.
N.D.
None
+
+++
±
+++
+
+
++
±
+
++
0
+
+
+
++++
N.D.
±
±
++++
+++
N.D.
++
+
++++
++++
++++
0
+
+++
ND.
None
N.D.
N.D.
N.D.
N.D.
i, B
N.D.
U, i, B
N.D.
N.D.
N.D.
N.D.
N.D.
U, B
U, j.t, A, B
o N.D.
o None
N.D. None
o N.D.
o N.D.
+ N.D.
+ N.D.
N.D. None
+++ Na
+++ alb,U,13,t
± N.D.
++++ ND.
++++ ND.
++ Na
+ N.D.
O None
N.D. U,A,B
N.D. None
D.V. $3
S.W. $1
S.W. $2
M.W. $ I
M.W. $2
M.W.$3
S.M. $1
SM. $2
A.W. $1
A.W. $2
A.W. $3
S.c. $1
S.c. $2
W.B. $1
W.B. $3
LC. $1
LC. $2
U. Y.
M.H. $1
M.H. $2
M.M. $1
M.M. $2
B. T.
R.0. $1
R.O. $2
S. U.
M. J.
L. W.
M.Bu.
M.Bl.
M. F.
AUN
AUN
HUN
AUN
AUN
AUN
AUN
HUN
AUN
AUN
HUN
AUN
AUN
AUN
AUN
AUN
HUN
AUN
AUN
AUN
AUN
HUN
HUN
U
U
U
U
U
U
N
N
+ N.D.
O None
± N.D.
± N.D.
± N.D.
+ N.D.
+ N.D.
+ U,j3
N.D. U,M,A,
B, F,
+ N.D. U,M,A,
B, F,
O ± N.D.
+ ± y,13
+ ++ U,MJ3
+ + 'y,A,Jl,t
± 0 N.D.
± 0 N.D.
O 0 None
+ + 7
O 0 None
++ ND.
++ alb,U,B,
f, T
N.D. Ujt, 13, T
± N.D.
± N.D.
++ ND.
+ N.D.
N.D. Alb,Uj.t,
B, F
+ N.D.
+ jt,F
+ N.D.+++ Na+++ Na
+++ Na++ Na
+ alb,U,T
N.D. U,M,A,
B, F
N.D. alb, U, M,
A, II, F, T+++ Na
++ U,M,B,f
± U,j.s,B,f
± yj3,f,t
++ Na
+ N.D.
+ None
++ alb,yj3,f,t
++ alb,I3,f
N.D. 7, ii, 13
+ N.D.
++ U,p,B
+ U,M,A,B
+ U,M,a,B++ Na
± N.D.
+ 7,l3
± l's
O None
+++
++++
±
0
+++
+++
++
0
0
0
N.D.
0
N.D.
N.D.
N.D.
± ±
± N.D.
O 0
O N.D.
O N.D.
O N.D.
N.D.
U, B
None
None
N.D.
N.D.
7, l's, 13
7, I)
13
N.D.
None
None
None
None
None
N.D.
13
None
None
alb
None
0
N.D.
0
N.D.
N.D.
N.D.
N.D.
None
None
None
None
13
++
N.D.
±
ND.
N.D.
N.D.
N.D.
7, j,t, a, 3, f
None
None
Aib, .t, t
a Histologic Diagnosis: AUN= active lupus glomerulonephritis; HUN= healed and inactive lupus glomerulonephritis; U= minimal
glomerular change; N = no abnormality.b EM =electron microscopy graded from 0 to + + + +; N.D. =not done.
IF = immunofluorescence microscopy. The letters represent protein present in each location, capital letters indicate widespread
fluorescence in that site (+ to + +); lower case letters indicate segmental or focal. Abbreviations: Albumin (AIb, alb); Heavy chains
(U, A, M; y, a, l.t); I31C globulin (B; 13); Transferrin (T; t); Fibrinogen (F; f).
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Fig.2. Fig.3.
Fig. 2. Patient S. C., second biopsy. Circumferential extension
(M1) of the mesangial matrix (M) to the periphery of a capillary.
Abundant circumferential deposits (D1), apparently extending
from those in the mesangial area (D), are present. The endothelial
cell (En) is swollen and the capillary lumen (L) is markedly
narrowed. (magnification x 5860).
Fig. 3. Patient M. S. Segment of glomerular capillary with
several subepithelial deposits (arrows) along the basement
membrane (BM). The foot processes are completely fused and
the visceral epithelial cell (Ep) contains an increased amount of
endoplasmic reticulum. In the capillary lumen (L) there is an
electron dense structure consistent with a degenerated "naked"
nucleus probably a hematoxyphil body (HB). (magnification
>c 8200).
Fig. 4. Patient S. M., second btopsy. Segment of glomerular
capillary containing red blood cells (RBC) on the right. The
endothelium (E) is normal. The basement membrane (B) contains
numerous small deposits (D). Larger subepithelial deposits (D)
separated by "spikes" of basement membrane are also present.
The foot processes are partially fused (magnification x 14100). Fig. 4.
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Fig. 5. Patient M. S. Segment of glomerular capillary wall with a
subendothelial deposit (D) in direct continuity with a subepithe-
hal deposit (D1) across the basement membrane (BM). The
endothelial cells (En) are swollen and the foot processes of the
visceral epithelial cell (Ep) are completely fused (magnification
x 14500).
Fig. 6. Patient A. W., second biopsy. Segment of glomerular
capillary wall with intramembranous (D) and subepithelial (D1)
deposits. Note that the visceral epithelial cell (Ep) is in close
proximity to the subepithelial deposit and has an indistinct cell
membrane and a very dense cytoplasm. L, capillary lumen; US,
urinary space (magnification x 25400).
Table 4. Summary of immunohistologic findingsa
Histologic
diagnosis
Histologic
activity
No.
of
Biop-
sies
Deposits
.Subendothelial .Subepithehal Intramembranous
.
Mesangial
7b a j.t 131C F ? a 131C F y a ji 131C F y a ji fl1C F
Active ++++ 4 4 3 3 4 4 4 3 1 3 0 2 2 0 2 1 4 3 4 4 3
glomerulo— (1) (1) (2) (1) (1) (1) (1) (1)
nephritis
+—++ 8 32212
(2) (4)
52351
(1) (1) (3) (2)
10010 72233
(1) (2) (4) (4)
Healed
(0—±)
3 00000 10010
(1) (1) (1)
10000
(1) (1) (2)
10001
(2) (1)
Minimal 0—+ 5 00000 00000 00000 00000
glomerular (1) (1) (1) (1) (2) (2) (1) (1) (3) (3)
changes
Normal 0 2 00000 00000
(1) (1)
00000 00000
(1)
a The number of biopsies in which the protein was found widespread is indicated on the first line. In parentheses, on the second line
is the number of biopsies in which the protein was distributed segmentally.
b Abbreviations: y, a, t= Heavy chains of IgG, IgA, 1gM; 31C= 31C globulin; F= fibrinogen.
There were no subendothelial deposits in these bi- sponded well with that of the heavy chains. All 22 biopsies
opsies. were also studied with antisera directed against albumin
Of the seven biopsies considered to be normal or to have and transferrin, proteins presumably not involved in any
minimal glomerular changes, small segmental deposits immunologic reaction. In none was albumin or transferrin
were present in only two. detected in the subepithelial or intramembranous position.
Thirteen biopsies were examined with antiserum directed In a few cases, particularly those with severe active gb-
against the light chains K and ?; their distribution corre- merulonephritis, albumin and transferrin were found in
CcD.
--
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Fig. 7. Patient I. C., first biopsy. Photomicrograph of a glomerulus showing the distribution of IgG (y chain) in a 0.5 gifrozen
substituted section treated as follows: (1) incubated with rabbit antiserum to human y chain; (2) incubated with a peroxidase con-
jugated goat antiserum to rabbit globulin; (3) incubated with diaminobenzidine; (4) fixed in gluteraldehyde; (5) stained with PAS-
hematoxylin. Note the very widespread distribution of IgO in the glomerular capillary walls. At higher magnification it was clearly
evident that this was in the subendothelial position (magnification x 440).
subendothelial deposits. Albumin and transferrin were
observed in the mesangium in about half of the biopsies
studied and appeared most prominently in severely damaged
glomeruli.
In general there was a good correlation between the
immunohistologic and electron microscopic findings.
Deposits were more difficult to detect within the glomerular
basement membrane by immunohistology than by electron
microscopy. This was probably due to the difficulty in
precisely localizing fluorescence or peroxidase within the
glomerular basement membrane at the magnifications
possible. Of the six biopsies in which material immuno-
reactive with antifibrinogen serum was found in the sub-
endothelial position, three were studied by electron micro-
scopy. Polymerized material with the electron microscopic
characteristics of fibrin was noted in two.
Relationship between deposits and histologic findings.
A relationship between histologic activity and clinical
evidence of active lupus nephritis has been reported
previously [4, 35] and was noted in the present series of
biopsies (Fig. 10). Except in those biopsies taken after
prolonged treatment and in which there was no histologic
evidence of activity, histologic severity paralleled histologic
activity. There was no relationship between histologic
activity, on the one hand, and the extent of subepithelial or
intramembranous deposits, on the other (Fig. 11). Intra-
membranous deposits were present both in active lupus
glomerulonephritis and in healed and inactive disease after
treatment. They were prominent in five of the seven latter
biopsies. The correlation between histologic activity and
the extent of subendothelial and mesangial deposits was
only a rough one; however, extensive subendothelial depos-
its were seen only with the most active histologic lesions and
subendothelial deposits were virtually absent in healed and
inactive lesions after treatment. Moreover, in all patients
who died with severe active lupus glomerulonephritis,
extensive subendothelial deposits were found in the biopsy
taken within weeks of death.
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Fig. 8. Patient M. S. The distribution of I1C globulin is shown in a single severely damaged glomerulus. It is predominantly along
the glomerular capillary wall in some areas and is in the centrilobular or mesangial region in many places, particularly in the necrotic
areas (arrows). Immunoperoxidase technique with PAS-hematoxylin (magnification x 480).
Insert A. Detail showing the subendothelial and mesangial distribution of t3IC globulin in two capillary loops. The arrows point to
the basement membrane (magnification x 800).
Insert B. Area from the same glomerulus incubated with antiserum to IgG (y chain). Note the subendothelial IgG giving the appearance
of a "wire loop" (magnification x 800).
Fig. 9. Patient S. M., second biopsy. The distribution of IgG (y chain) is shown. There is an area of sclerosis in the glomerulus.
Note the segmental distribution of IgG along some capillary walls. The patent glomerular capillaries contain IgG as demonstrated
by the immunoperoxidase technique with PAS-hematoxylin (magnification x 360).
Inserts A and B. In a few areas the basement membrane (BM) is normal. A single subendothelial deposit (S END in insert A)
containing IgG can be clearly seen. Elsewhere there is segmental but widespread IgG in the subepithelial and intramembranous
positions (magnification x 630).
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Fig. 12. Interrelationship between the extent of deposits in various positions in the glomerulus. See legend to Fig. 10 for symbols.
The deposits did not seem to be distributed randomly
in the several positions (Fig. 12). There was some relation-
ship between increasing amounts of subendothelial and
mesangial deposits. Inactive disease, subendothelial deposits
were extensive only in the presence of extensive mesangial
deposits. In general, there was an inverse relationship
between the extent of the subendothelial and subepithelial
deposits (Fig. 13). Extensive subendothelial deposits occur-
red in association with the most active histologic changes
and three of the four patients with extensive subendothelial
deposits died within weeks of the renal biopsy, In general
the clinical course of patients with extensive subepithelial
deposits was benign. A single exception to these relation-
ships was observed in the renal biopsy of patient M.S.
This patient had fatal hyperacute lupus nephritis and the
biopsy was unusual in that there were many large obvious
defects or gaps in the glomerular basement membrane.
The deposits could not be quantitated as readily by
immunohistology and similar comparisons could not be
made by this technique. One striking finding, however, was
observed in the four biopsies with the most active histologic
lesions (4+). In all, the subendothelial deposits were
particularly prominent and far more extensive than the
subepithelial deposits. Material immunoreactive with
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antifibrinogen serum was prominent in the subendothelial
deposits in these four instances, but was not seen in the
subepithelial position.
Discussion
Aggregates of electron dense material are prominent in
the glomeruli in various diseases [36, 37]. For example, in
acute poststreptococcal glomerulonephritis and in mem-
branous glomerulonephropathy they are predominantly
epimembranous, contain gamma globulin and comple-
ment and are assumed to result from deposition of circu-
lating antigen-antibody complexes. On the other hand,
experimental work [38] suggests that when glomerular
basement membrane is the antigen, the locally formed
antigen-antibody complexes are deposited along the inner
portion of the basement membrane. In diabetic nephro-
pathy, by contrast, deposits rich in lipoproteins and other
proteins are seen in the subendothelial position and are
regarded as insudative in nature. In most reports in which
the nature of the deposits has been studied by immuno-
fluorescence microscopy, it should be noted that the
location of the deposits in the glomerular wall could not
have been determined precisely, because of the thickness
(4 to 6 j.L) of the sections.
In patients with systemic lupus erythematosus, deposits
have been reported within and on both sides of the gb-
merular basement membrane and in the mesangial matrix.
The demonstration of gamma globulin, complement, and
anti-DNA in the deposits has led to the conclusion that
they represent antigen-antibody complexes. The present
study confirms that electron dense deposits, gamma globulin
and complement are deposited in all positions in the
glomerular capillary wall in lupus nephritis (Table 3).
Evolution of the deposits with time and treatment. The
electron microscopic observations made at varying stages
in the evolution of lupus nephritis and after treatment
suggest that extensive subendothelial deposits occurred
only in the most active disease. Three of the four severest
cases died of renal failure within weeks. In other patients
subendothelial deposits tended to decrease in prominence
or disappear following therapy (Fig. 11). In one patient
(W.B.) a recrudescence of severe lupus nephritis was
accompanied by the appearance of extensive subendo-
thelial deposits and renal failure leading to death within
four weeks of the biopsy.
In serial biopsy studies, deposits in the mesangium
changed less than did the subendothelial deposits. Sub-
epithelial deposits appeared to undergo relatively few
changes with time; once present, they persisted. Only in
patient M.M. was there a significant decrease in the extent
of the deposits in a second biopsy. With time they appeared
to become incorporated into the glomerular basement
membrane in a manner similar to that seen in idiopathic
membranous glomerulonephropathy [39] and to become
less electron dense in some. When extensive subepithelial
deposits were the predominant finding there appeared to
be little clinical or histologic progression of the disease
over long periods of time. For example, there were extensive
subepithelial deposits in a biopsy taken from patient A.W.
in 1963. The patient had one episode of active lupus gb-
merulonephritis in 1968, but apart from this episode has
++++
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been in good health with little proteinuria and normal
function from 1963 to 1971.
Intracapillary cell proliferation decreased in some patients
after treatment. Mesangial matrix seemed to increase with
time and collagen was seen in the mesangial area close to
the mesangial cytoplasm on only three occasions in biopsies
taken after treatment. There were occasional gaps or
interruptions in the glomerular basement membrane with
direct contact between intra- and extracapillary cells, often
in places where subepithelial, intramembranous or trans-
mural deposits were present. The gaps appeared to be the
result of damage produced by the deposits. In the visceral
epithelial cells, cytophagolysosomes appeared to be more
common adjacent to the gaps.
The nature of the deposits has been elucidated in part
by the immunohistochemical studies. The subepithelial
deposits were found to contain immune globulins and
1C globulin, but no fibrinogen, albumin, or transferrin.
These findings are consistent with the view that these
deposits represent antigen-antibody complexes. The intra-
membranous deposits were more difficult to define by
immunohistologic techniques but they seemed to consist
predominantly or exclusively of gamma globulins and
complement. In both the mesangium and the subendothelial
position, the immunohistochemical studies indicated that
there were, in many instances, deposits of material immuno-
reactive with antiserum to albumin, to transferrin, and to
fibrinogen, as well as to the immune globulins and fI1C
globulin. In glomeruli in which necrosis of a segment of
the tuft was observed, all plasma proteins studied were
detected in the necrotic areas. Deposits in the mesangial
and in the subendothelial position are usually thought to
represent antigen-antibody complexes. The present observa-
tions suggest that subendothelial deposits might well he
insudative lesions.
Mesangial deposits were found even in biopsies with
minimal or no light microscopic changes. When mesangial
deposits are small they may represent evidence of a normally
functioning mesangium rather than evidence of active
disease [13]. Rowever, proliferation of mesangial cells
or an increase in mesangial matrix was a common finding
and emphasizes the reactive properties and importance of
the mesangium in systemic lupus erythematosus. The
mesangium plays a role in removing large molecules or
complexes circulating in the glomerular capillaries, either
by the phagocytic properties of mesangial cells or by way
of the spongy material of the mesangial matrix [40—42].
The first site of deposition of circulating macromolecules
in the glomeruli seems to take place in the mesangial
regions [41—43]; but material deposited there may spill
over into the subendothelial space (lamina rara intema) in
direct continuity with the mesangium only when the
phagocytic properties and/or storage capacity of mesangial
cells and matrix are exceeded. Projections of mesangial
cytoplasm and/or matrix peripherally between the endo-
thelium and capillary basement membrane occurred
frequently in our material. In some instances the so-called
subendothelial deposits appeared in reality to be deposits
within the mesangium extending circumferentially around
the capillaries. Evidence for endothelial vesicular intra-
cytoplasmic transport [44, 45] was occasionally seen, but
did not seem to play a major role in the formation of
subendothelial deposits.
Both intra- and epimembranous deposits underwent
relatively little change with time or following treatment
while subendothelial deposits decreased markedly. It is
possible that subendothelial deposits can be removed by
activity of the mesangial cells in a direction opposite to
that in which they are formed. The discordance between
the extent and severity of subendothelial and subepithelial
deposits on the one hand, and the concordance of sub-
endothelial and mesangial deposits on the other, also
suggests the possibility that disappearance of large sub-
endothelial aggregates may be by a pathway through the
mesangium rather than through the basement membrane.
In favor of this possibility is the complete disappearance of
subendothelial deposits after treatment, whereas mesangial
deposits persist longer and only rarely disappear com-
pletely. There was also evidence that the decrease or disap-
pearance of subendothelial deposits was associated with an
increase of intra- and/or epimembranous deposits. Recent
experimental evidence [46] suggests that cortisone may
prevent transmigration of complexes from the blood to the
subepithelial portion of the capillaries and that it may
therefore, indirectly, facilitate removal of deposits by
mesangial cell activity from the subendothelial areas. The
persistence of deposits in the subepithelial region is not
explained. This finding is similar to that observed in other
diseases such as idiopathic membranous glomerulonephro-
pathy. To a limited extent, subepithelial deposits may be
removed by visceral epithelial cells themselves as demon-
strated by the frequent disruption of their plasma mem-
brane, condensation of the cytoplasm immediately around
the deposits and the common finding of cytophagolyso-
somes. Occasionally, intramembranous and subepithelial
deposits seemed to be less dense or had a "washed out"
appearance with time or following treatment.
The results of this study appear to reflect reasonably
accurately the character and behavior of glomerular
deposits in various stages of lupus nephritis. The findings
must be interpreted with caution because of certain
unavoidable limitations. First, renal disease had been
present clinically in all but two patients for varying periods
of time before the first biopsy was taken. Therefore, the
earliest stages of several patterns of glomerular disease
may have not been adequately represented in this series
of cases. Second, varying amounts of prednisone and
nitrogen mustard had been administered to 13 patients
for varying periods of time before the first biopsy was
taken. As a result the distribution and composition of the
deposits may have been somewhat modified. Third,
because of the well known focal and segmental distribution
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of the glomerular lesions, a qualitative and quantitative
evaluation, especially of the immunohistologic and electron
microscopic findings has obvious limitations related to
sampling.
The results of this study indicate that glomerular deposits
per se should not be interpreted as evidence of active
disease unless they are either located subendothelially or
present in massive amounts after treatment. Persistence of
subepithelial and intramembranous deposits without
histologic evidence of active disease indicates that cortico-
steroids and immunosuppressive agents have a greater
effect on the cellular response than on these deposits, or
than on the basic disease process. An alternative possibility
is that treatment induces changes in the chemical and/or
physical characteristics of the deposits not detectable by
the methods used in this study.
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